Background: Visual assessment of wall motion abnormalities (WMA) by 2-dimensional echocardiography (2DE) is the most semi-quantitative method used to detect coronary artery disease (CAD), but it carries many limitations. Speckle tracking echocardiography (STE) overcomes these limitations and allows an objective quantification of myocardial deformation. The aim of the study to examine the accuracy of global and segmental longitudinal strain (LS) for the detection of CAD compared with visual assessment of WMA using coronary angiography as a golden standard. Methods: The study enrolled 25 patients (mean age 51.0 ± 8.7, 64% are male) referred to coronary angiography with clinical suspicion of CAD. 2DE assessment of WMA and evaluation of LS using STE were performed using left ventricular 17-segments models. Significant CAD was defined as ≥ 50% stenosis in one or more major coronary arteries by angiography. Results: Patients were classified into 2 groups: group I included 15 patients with significant CAD and group II included 10 patients with insignificant and/or absence of CAD. WM score was strongly correlated with the global LS in group I and II (R = 0.80, p < 0.0001 and R = 0.88, p < 0.0001 respectively). In all patients, 425 segments were analyzed. WMA was detected in 163 segments of 425 (38.3%) while abnormal LS was detected in 214 segments (50.3%). Compared with coronary angiography, the total sensitivity, specificity and accuracy for visual analysis and STE were (56%, 88.2%, and 60% vs. 68.6%, 77%, and 81.8% respectively). Conclusion: Segmental LS is more accurate for the detection of ischemic myocardial segment corresponding to functionally relevant coronary anatomy than visual assessment of WM.
Introduction
Standard models of left ventricular (LV) segmentation have been used to facilitate a more detailed analysis of regional LV function. The use of the 17-myocardial segment model has been recommended by the American Society of Echocardiography and American Heart Association. 1) 2) Echocardiographic evaluation of segmental and global myocardial function plays a critical role in the diagnosis and management of coronary artery disease (CAD). Visual assessment of regional wall motion abnormalities (WMA) is commonly used in most laboratories. It relies mainly on myocardial radial performance which is limited by high inter and intra-observer variability.
3) Speckletracking echocardiography (STE) is a new noninvasive imaging technique that quantitatively analyzes global and regional myocardial function. It presents an objective, semi-automatic, and angle-independent analysis of longitudinal peak systolic strain (LS) based on speckle tracking and provides a single bull's-eye summary of the LV segmental wall strain. 4)5) Many published data supported the use of STE longitudinal strain to identify and risk-stratify CAD with good accuracy and reproducibility. 6) 7) The aim of this study was to assess the accuracy of global and segmental LS using STE to detect resting myo-cardial ischemia compared with visual assessment by conventional 2-dimensional echocardiography (2DE) using coronary angiography as gold standard.
Methods
A prospective study of 25 patients (51.0 ± 8.7, 64% are male) were referred for assessment of CAD by coronary angiography according to ACC/AHA guidelines. 8) The reasons for referral to coronary angiography were [angina class III with multiple cardiovascular risk factors in 10 patients, positive stress electrocardiogram (ECG) in 5 patients, typical chest pain with resting ECG changes in 4 patients, atypical chest pain with impaired LV systolic function by conventional 2DE in 4 patients and typical chest pain after surgical revascularization in 2 patients]. The only exclusion criterion was evidence of previous attack of myocardial infarction by ECG and 2DE due to its ease identification by resting WMA. At the day of coronary angiography, conventional 2D echocardiography and STE were performed and inclusion of patients was based on adequate image quality and sinus rhythm.
Echocardiography and STE
Conventional 2DE was performed according to guidelines using a commercial ultrasound system (Vivid 7, GE Health Medical, Milwaukee, WI, USA) supported with a multi-frequency transducer (M3S 1.7/3.4 MHz). Visual analysis of the contractile function of LV was interpreted according to the American Society of Echocardiography criteria using the 17 segments module. 1) A semiquantitative four-point scoring system (1, normal; 2, hypokinesia; 3, akinesia; 4, dyskinesia) was used to analyze each study. The sum of the WM scores, averaged over the number of segments with interpretive scores, gave the global WM score index.
After the completion of the 2DE study, STE was performed using the automated function imaging algorithm to measure the peak systolic LS in a 17-segment LV model. It was performed through an off-line analysis of 3 digitally stored 2-D images (apical long-axis, 2-and 4-chamber) with high frame rates (> 60 frame/s) using commercial imaging analysis software (EchoPAC 6.1.0, GE Health Medical, Milwaukee, WI, USA).
9) End-systole was defined as aortic valve closure in the apical long-axis view by continuous Doppler wave recording. Automated endocardial delineation was obtained through marking the mitral annulus level and at the apex on each digital loop. The region of interest was manually adjusted if automated delineation is not optimal. Segments with poor image acquisition or artifacts were excluded due to inability to measure LS. Segmental LS was calculated as the percentage of lengthening or shortening and the results for each plane were displayed (Fig. 1) . The sum of LS, averaged over the number of segments with interpretive scores, gave the global longitudinal strain and can be displayed in single bull's-eye view (Fig. 2) . Offline analysis of WMA and STE was performed by one investigator at 2 separate sessions unaware of coronary angiographic results. The cut off values for normal and ischemic segments were considered (≤ -11% for normal and > -11% for abnormal) due to previous validation.
10)

Coronary angiography
Selective coronary angiography was performed using a biplane system with the standard technique from femoral approach. All views were acquired and reviewed by 2 experienced interventionists. Both were blinded with the echocardiographic findings. Diagnosis of significant CAD was considered when ≥ 50% reduction of vessel diameter by quantitative coronary angiography was observed in at least one major coronary artery. 11) Distribution of each coronary artery territory on myocardial segments was displayed (Fig. 3) .
Statistical analysis
Statistical analysis was performed using the software package SPSS version 11.5 (SPSS Inc., Chicago, IL, USA). All data obtained were presented as mean ± standard deviation. To determine the accuracy of STE and visual assessment of WMA for the detection of hemodynamically significant CAD, > 50% stenosis was used as a cut point of significant CAD. The diagnostic accuracy of both techniques was carried out by using Decision Matrix tables in which sensitivities, specificities, predictive values were calculated and compared.
12) The clustered nature of the myocardial territories per subject was accounted by estimating the observed distribution (95% confidence intervals) according to Zhou et al. 13 )
Results
Baseline criteria
The study included 25 consecutive patients (51.0 ± 8.7, 64% are male). Depending on coronary angiographic findings, the patients were classified into 2 groups: group I included 15 patients with significant CAD and group II included 10 patients with insignificant and/or absence of CAD. No significant differences were found between both groups in terms of age, sex, blood pressures, or clinical risk factors.
Visual analysis and STE
Global assessment of LV showed strong correlation between WM score and global LS in group I and II (R = 0.80, p < 0.0001 and R = 0.88, p < 0.0001 respectively). In the 25 patients, 425 segments were analyzed: 175 left anterior descending coronary artery (LAD), 125 right coronary artery (RCA), and 125 left circumflex artery (LCx). Visual assessment of WMA showed that, while by STE 214 segments (50.3%) were judged as abnormal.
Visual analysis and coronary angiography
In all patients, 163 segments of 425 (38.3%) were judged as abnormal by WMA (67 segments of LAD territory, 50 segments of LCx and 46 segments of RCA). In group I, of 105 LAD segments, 60 showed WMA. Similarly, of 75 RCA segments analyzed, 40 showed WMA. Of 75 LCx segments analyzed, 43 showed WMA. In group II, WMA was detected in 20 segments of 170 (7 segments of both LAD and LCx and 6 segment of RCA). The total sensitivity, specificity, accuracy, positive predictive value and negative predictive value of visual analysis of WMA to detect coronary artery stenosis are 56%, 88.2%, 60%, 89.3%, and 57.2%. The sensitivity rates for the diagnosis of LAD, LCx and RCA based on WMA are 57.1%, 53.3%, and 57.3%, respectively. The corresponding specificity rates were 90%, 86%, and 88%, respectively. The accuracy rate was higher for the diagnosis of RCA and LCx (69.6% and 66.4% respectively) than LAD (51.7%) ( Table 1) .
STE analysis and coronary angiography
Complete analysis was achieved in all patients within 3.7 ± 2.6 min. Manual modification of endocardial border was performed to get optimal delineation in 5 patients (20%). In all patients, 214 segments of 425 (50.3%) were judged as abnormal by STE (88 segments of LAD territory, 63 segments of LCx and 63 segments of RCA). In group I, of 105 LAD segments, 72 showed abnormal LS. Similarly, of 75 RCA segments analyzed, 52 showed abnormal LS. Of 75 LCx segments analyzed, 51 showed abnormal LS. In group II, abnormal LS was detected in 39 segments of 170 (16 segments of LAD, 12 segments of LCx and 11 segment of RCA). The total sensitivity, specificity, accuracy, positive predictive value and negative predictive value of STE to detect myocardial ischaemia are 68.6%, 77%, 72%, 81.8%, and 62.1%. The sensitivity rates for the diagnosis of LAD, LCx and RCA based on STE are 68.5%, 69.3%, and 68%, respectively. The corresponding specificity rates were 77.1%, 76%, and 78%, respectively. The accuracy rate was 72% for the diagnosis of the three vessels (Table 1) .
Discussion
This study demonstrated that analysis of global and segmental LS using STE was matched with coronary angiography and more accurate than visual assessment of WMA for the detection of myocardial ischemia at rest with an equal sensitivity rate for all coronary territories.
Assessment of regional myocardial function using echocardiography plays a critical role in the diagnosis and management of CAD. The visual interpretation of WMA with the conventional 2DE is widely used in most laboratories relies based on the assessment of myocardial thickening and endocardial excursion. However, this approach is subjective, operator dependent, demands complete visualization of the endocardium and is subject to the vicissitudes of cardiac loading and heart rate. 3) Previous studies described the reliability and feasibility of STE to evaluate global and segmental myocardial deformation throughout the cardiac cycle in both normal and abnormal subjects. It is able to investigate LV function (circumferential, radial and longitudinal) without angle dependency. 14) 15) The current study aimed to evaluate accuracy of STE to detect myocardial ischemia at rest compared with visual assessment of WMA. The cutoff value of LS used for abnormal myocardial segment was > -11 and ≥ 50% reduction of vessel diameter by quantitative coronary angiography was considered for the diagnosis of significant CAD. This percentage of coronary stenosis was considered for the assessment of functional rather than anatomical due to its crucial role in selection of therapeutic option and risk stratification. Previous reports showed that a stenosis of less than 50% is unlikely to be functionally significant, while stenosis of severity between 50% and 70% show a wide variability in their functional significance. There is a lack of correlation between anatomical severity and functional significance of CAD.
11)16)17)
In patients without significant CAD (group II), global and Previous reports described the ability of STE to detect subclinical LV dysfunction earlier before visual analysis of WMA in asymptomatic patients with apparently normal LV ejection fraction.
21)22)
The study showed that the total sensitivity of STE was higher than visual analysis of WMA (68.6% vs. 56%) with nearly equal sensitivity rate for all coronary territories. In Choi et al. 6) study, STE could discriminate severe 3-vessel or left main disease from lesser CAD with a higher sensitivity and specificity of 79% and 79%, respectively. The higher sensitivity and specificity in Choi et al. study can be explained by the cutoff value of LS they used (-17.9%) for the diagnosis of abnormal myocardial segment. They used a cutoff of percent diameter stenosis ≥ 70% for three epicardial vessels and ≥ 50% for LM coronary artery. Based on their findings, the higher sensitivity of STE has to be interpretated in the high risk subset of CAD. The novelty of the current study is that the patients were classified based on the presence of CAD or not using ≥ 50% reduction of vessel diameter as a cutoff for the diagnosis of significant CAD regardless of the number and nomenclature of the stenosed coronary artery. Also, the cutoff value of LS used for abnormal myocardial segment was > -11 which is higher than the value used by Choi et al.
There are some limitations in our study. First, the number of patients enrolled is relatively small. Second, only LS was evaluated and other parameters e.g., radial and circumferential strain were not.
In conclusion, measurement of global and segmental LS using STE is more sensitive and accurate tool in the identification of WMA at rest than visual analysis. This supports its use to identify and risk-stratify atherosclerotic CAD.
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